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THE PHOTOVOLTAIC SYSTEM AND EFFICIENCY
OF DC TO AC BuNa INVERTER
Bujar Dalipi
Albanian University, Faculty of Applied and Economic Sciences, Department of
Engineering, Albania

Abstract. Background/importance of research topic: Solar energy nowadays is considered
being one of the renewable resources that has the highest rate of growth.
Purpose/hypothesis (thesis or statement of problem):BuNa inverter efficiently transforms a DC
power source to AC source, with better characteristics in comparison with other inverters. The
purpose of this inverter is to supply the LED bulbs only with the same power, more efficiently
than other inverters.
Procedures/Data/Observations: The input voltage is 12 Volt from battery and output is 220 Volt
AC pure sine wave without loads. The consumption of inverter without loads is 0.1 A from
battery or 1.2 Watt.
Conclusions/Applications: This type of inverter has many advantages: no electrical shock
hazard, protected input from wrong connection, output is protected from short circuit, after
disconnected from short circuit the LED bulbs will light again without causing any damage.
Moreover, it can be a great device for hospitals, countries without electricity, schools etc.
Keywords: BuNa inverter, electrical shock, LED bulbs, photovoltaic system, short circuit.

Introduction
Using the technology of the renewable power sources is very popular in modern world. One of
the most common ways to generate renewable energy is solar energy conversion to electrical
power by photovoltaic (PV) panels. The photovoltaic panel is an implementation of photodiode
technology developed for gain of the maximum output power out of the solar irradiance.
The photovoltaic modules are the power sources with the large capacitance. The characteristic
of the photovoltaic module depends on the irradiance level, the temperature and the value of the
output current very much. The photovoltaic module is close to the non-linear voltage source at
the lower irradiance levels and non-linear current source at the high irradiance level. Therefore,
the maximum power point (MPP) can be achieved only by controlling converter by maximum
power point tracking (MPPT) device or control strategy (Jahn, 2003). Energy can be directly
and indirectly obtained from solar energy. Serial and/or parallel-connected solar cells form the
PV modules. Depending on the semiconductor material of the panel, the PV converts solar
energy to electrical energy with 6%-24% efficiency. There are many factors affecting the
efficiency of PV panels with low efficiency. These are panel slope angle, shading, temperature,
solar radiation intensity, PV temperature, wind velocity, humidity, and other losses (Bholr,
2015). Among these factors, solar radiation intensity, temperature, wind velocity, humidity, and
module temperature are the most important parameters affecting panel efficiency. Changes in
atmospheric conditions such as solar radiation intensity and temperature during the day
considerably affect panel efficiency.Grid-connected photovoltaic systems for potential use in all
countries. Small gird-connected systems for use in detached or semi-detached houses are
especially promising developments. Also, the energy produced by a grid-connected
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photovoltaic system depends on (i) inverter characteristics (yield, working point and operation
threshold, define as the minimum required power to connect the inverter to the grid) and (ii) the
coupling system to the grid, which depends on the characteristics of the energy produced by the
inverter and on grid stability and availability (Chenlo, 1996).Also, in this paper is introduced
efficiency of DC to AC inverter.A high frequency inverter operating at a soft switching mode
can be constituted without snubber circuits, though its circuit constitution becomes rather
complicated. Accordingly, highperformance ,low losses and decreased EMI noise can be
attained for the inverter.

Characterization of the photovoltaic panels
In the manufacturer’s manual, the nominal power of the photovoltaic modules is referred to
standard conditions: temperature of cell equal to 25ᵒC, irradiance to 1000 W/m2, and solar
spectrum. It is well known that manufacturers classify modules within the same model
according to their nominal power referred to standard conditions +/- 5%. As a result, it is
difficult to know, in practice, the real installed power and, hence, to quantify the mismatch
losses which are due to the dispersion of the module electrical characteristic
parameters(Sidrach, 1996). The steps follow to obtained the real installed power have been: (i)
measurement, under outdoor conditions, of the characteristic I-V curve for the modules, (ii)
correction of the curves to standard conditions and determination of their electrical
characteristic parameters, and (iii) following the laws of modules association, determination of
both the real peak power installed and the losses due to dispersion of parameters. Summary data
are given in Table 1 for standard conditions. The mean value of the power of the modules is
9.4% lower than the nominal power. The standard deviations of parameters are shown in Table
1.
Table.1 Electrical characteristics of the photovoltaic modules under standard conditions
Parameter
Mean
Maximum
Minimum
STD
Short
circuit 3.1
3.2
3.0
0.04
current Isc (A)
Open
circuit 21.5
22.1
21.2
0.22
voltage Voc (V)
Peak power Pm 48.1
50.8
46.5
0.93
(W)
Peak-power
17.3
17.8
17.0
0.19
voltage Vm (V)
Peak-power
2.8
2.9
2.7
0.04
current Im (A)
Fill factor FF 71.5
73.5
70.2
0.79
(%)
The daily photovoltaic array yield is given by ᶯPV = EPV,d/Er,d, where EPV,d is the daily energy in
(kWh) supplied by the modules and Er,d the available daily energy, defined as the daily
irradiation on the plane of the array surface during the time when the inverter is connected to
the grid. Here,
Er,d
where C=0 if the inverter is out and C=1 if the inverter is operating ; n is
the total number of values recorded daily and E1 the total energy received on the plane of the
array surface during one measurement interval. Therefore, C = 0 for ‘E i< the inverter threshold’
and ‘Ei ≥ the inverter threshold, while the inverter is disconnected from the grid’. For each
month, the mean daily value of the daily photovoltaic array yield is ᶯPV,m =
,
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where D is the total number of days with data. Similarly, the monthly mean daily inverter yield
is ᶯinv,m =
, where ᶯinv,dis the inverter daily yield, defined as the ratio between the
daily active energy at the output of the inverter and the daily energy at the input of the inverter
(Sidrach-de-Cardona, 1997). The monthly average daily system yield is
ᶯsys,m =
, where ᶯsys,dis the daily system yield, computed as ᶯsys,d= Egrid,d/Er,d ,
where Egrid,dis the daily active energy at the output of the inverter and consequently, to the grid.
If the whole incident energy is considered, global yields can be defined. The global
photovoltaic array yield (ᶯG,PV,m) is the yield of the generator, using all the daily energy ( E i,d)
received on the plane of the array surface, that is ᶯG,PV,m =

where d stands

for daily value and m stands for daily monthly average. Hence, the global system yield is
computed as:ᶯG,sys,m =

Solar Radiation Effect on Photovoltaics Cells
The energy radiated directly from the sun is 174 petawatt (PW), and 10 PW of it is reflected
from the atmosphere, 35 PW from the clouds, and 7 PW from the surface of the earth back into
space. The part absorbed by the atmosphere is 33 PW, and the part absorbed by the land and sea
is about 89 PW. Solar radiation has the greatest effect on power output in Photovoltaic system.
Photocurrent (PV short-circuit current) amplitude varies in direct proportion to solar radiation.
Photoconversion efficiency in the practical working range of the Photovoltaic cell is not
affected much by changes in solar radiation. However, this does not mean that the same power
will be obtained, since the accumulated energy during a cloudy day will be low-i.e., since the
input power decreases (output is constant) the output power also decreases. Additionally, the
current generated in the PV panel increases with the sunlight intensity and radiation (R.
Mayfield, 2012). Although the significant change in radiation considerably changes the current,
the voltage remains nearly constant (Fig.1).

Fig. 1 The effect of solar radiation on PV cells(Mayfield, 2012)
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Temperature and humidity effect on PV cells
The operating temperature of the photovoltaic cells varies in a wide range, depending on the
various usage areas. Therefore, the effect of temperature on the efficiency of the photovoltaic
cell should be known. The photovoltaic cell short-circuit current tends to increase slightly as the
temperature increases. The reason is that with the increase in temperature, the semiconductor
forbidden gap is reduced and consequently it is increased with radiation absorption (Bilgin,
2013). Because the change in temperature affects the open- circuit voltage more, high-operating
temperatures negatively affect power and efficiency in photovoltaic systems.The efficiency of
the cell decreases with increasing temperature.
The effect of temperature on the current voltage (I-V) curve of crystalline silicon cell PV
modules is shown in Fig. 2. Each 1ᵒC increase in temperature reduces the power obtained by 0.5
%. The excess water vapor in the atmosphere causes the radiation to be screened. When the
water in the air is condensed in the form of rain and snow, the atmosphere is clearer and the
radiation is blocked at the minimum level (K. M. Aksungur, 2013).

Fig. 2 The effect of temperature on PV cells

Wind velocity effect on PV cells
Weather conditions affect power output in energy production.Module temperature is affected
by ambient temperature,cloudiness,wind velocity and positionof the photovoltaic system.Since
the wind velocity will decrease the temperature of the PV panel, The PV cell temperature is
highly sensitive to wind velocity and lowly sensitive to wind direction (Kaldellis, 2014). To
increase the efficiency of the photovoltaic panels,generally the methods of Perturb & Observe
(P & O), Hill Climbing, Incremental Conductance (IncCond), Fractional VAD, and Fractional
IKD are used to monitor the maximum power point of a PV system usually under the same
sunshine conditions (Onat, 2009). However, the mentioned maximum power point monitoring
methods are the methods that can be applied to homogenous operating conditions, where all of
the photovoltaic modules and cells have the same radiation.The rapid changes in solar radiation
and the effects of other environmental factors disturb this and reduce efficiency.
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Solar Photovoltaic (PV) System Components
Solar photovoltaic (PV) energy systems are made up of different components. Each component
has a specific role. The type of component in the system depends on the type of system and the
purpose. Fig. 3 shows system components of photovoltaic system.

Fig. 3 Block Diagram of a typical off-grid Photovoltaic (PV) System

Solar charge controller
A charge controller or alternatively a charge regulator is basically a voltage and/or current
regulator,to keep batteries from overcharging.It regulates the voltage and current coming from
the solar panels and going to the battery.Most ‘’12 volt’’ panels produce about 16 to 20 volts,
so if there is no regulation, the batteries will be damaged from overcharging (James and
Dunlop, 2012).The obvious question then comes up - ‘’why aren’t panels just made to put out
12 volts?’’. The reason is that if you do that, the panels will provide power only when cool,
under perfect conditions and full sun.This is not something you can count on in most places.The
panels need to provide some extra voltage so that when the sunlight is low in the sky, or you
have heavy haze, cloud cover or high temperatures, you still get some output from the panel,so
the panel has to put out at least 12.7 volts under worst case conditions.The primary function of
a charge controller is to maintain the battery at highest possible state of charge.The charge
controller protects the battery from overcharge and disconnects the load to prevent deep
discharge.Ideally, charge controller directly controlsthe state of the battery.The controller
checks the state of charge on the battery between pulses and adjusts itself each time.This
technique allows the current to be effectively ‘’tapered’’ and the result is equivalent to
‘’constant voltage’’charging (Samlex, 2014). Without the charge control, the current from the
PV module will flow into a battery proportional to the irradiance, whether the battery needs to
be charging or not. If the battery is fully charged, unregulated charging will cause the battery
voltage to reach exceedingly high levels, causing severe gassing, electrolyte loss, internal
heating and accelerated grid corrosion.Therefore,charge controller maintains the health and
extends the lifetime of the battery.
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Types of solar charge controllers
The two types of charge controllers most commonly used in today’s solar power systems are
pulse width modulation (PWM) and maximum power point tracking (MPPT). Both adjust
charging rates depending on the battery’s maximum capacity as well as monitor the battery
temperature to prevent overheating (Noor and Ayuni, 2009).

Pulse width modulation (PWM) charge controller
Pulse width modulation (PWM) charge controller is the most effective means to achieve
constant voltage battery charging by adjusting the duty ratio of the switches (MOSFET). In
PWM charge controller the current from the solar panel tapers according to the battery’s
condition and recharging needs. When a battery voltage reaches the regulation set point, the
PWM algorithm slowly reduces the charging current to avoid heating and gassing of the
battery; yet charging continues to return the maximum amount of energy to the battery in the
shortest time. The voltage of the array will be pulled down to near that of the battery
(Victronenergy, 2014).

Maximum power point tracking (MPPT) charge controller
Nowadays, the most advanced solar charge controller available is the Maximum Power Point
Tracking (MPPT). It is more sophisticated and more expensive. It has several advantages over
the PWM charge controller. It is 30 to 40 % more efficient at low temperature. The MPPT is
based around a synchronous buck converter circuit. It steps the higher solar panel voltage down
to the charging voltage of the battery. It will adjust its input voltage to harvest the maximum
power from the solar panel and then transform this power to supply the varying voltage
requirement of the battery plus load (Victronenergy, 2014). It is generally accepted that MPPT
will outperform PWM in a cold temperature climate, while both controllers will show
approximately the same performance in a subtropical to tropical climate.

Charge cycle of a charge controller
Most quality charge controller units have what is known as a 3-stage charge cycle as follows:
(i) Bulk: In this stage, the battery will accept all the current provided by the solar array. The
value of this current will be equal to the Short Circuit Current ISC of the solar array. During the
bulk phase of charge cycle, the voltage gradually rises to the bulk level (usually 14.4 to
14.6volts) while the batteries draw maximum current. When bulk voltage level is reached, the
absorption stage begins.
(ii) Absorption: During this phase, the voltage is held constant (maintained at bulk voltage
level) for a specified time (usually an hour) while the current gradually tapers off as the
batteries charge up. This is to avoid over-heating and over-gassing the battery. The current will
taper off to safe levels as the battery becomes more fully charged.
(iii) Float: When a battery becomes fully charged, dropping down to the float stage will
provide a very low rate of maintenance charging while reducing the heating and gassing of a
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fully charged battery. When the battery is fully recharged, there can be no more chemical
reactions and all the charging current is turned into heat and gassing. The purpose of float is to
protect the battery from long-term overcharge. After the absorption time phase, the voltage is
lowered to float level. This is typically (usually 13.4 to 13.7volts) for a 12V battery and the
batteries draw a small maintenance current until the next cycle (Samlex, 2014). The relationship
between the current and the voltage during the 3-phases of the charge cycle is shown in Fig. 4 .

Fig. 4 The relationship between the current and voltage during the 3 phases of the charge cycle

Batteries
Battery is an electrochemical device that converts chemical energy into electrical energy and
electrical energy to chemical energy by oxidation-reduction reactions as in Fig.5 .

Fig. 5 Principle of battery

Battery parameters
Battery capacity
The storage capacity of the battery is represented in Ampere hour or Ah. If V is the battery
voltage than the energy storage capacity of the battery can be Ah x V = Watt-hour. Usually
battery capacity will be specified for a given discharge/charge rating or C rating. The actual
capacity depends on operating conditions such as load, temperature, etc.

Battery voltage
The terminal voltage during operating condition is known as nominal voltage or working
voltage. This voltage will be specified by manufactures. It may be 2V, 6V, 12V, 24V, etc.

Depth of discharge (DOD)
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It gives a measure of energy withdrawn from a battery as a percentage of its full capacity. The
state of charge of a battery is the difference between the full charge and the depth of discharge
of the battery in percentage. If the DOD is 25% then the state of charge is (100-25)=75%.

Battery life cycle
It is the number of complete charge-discharge cycles a battery can work before the nominal
capacity decreases less than 80% of its rated initial capacity. After the specified life cycle, the
battery will work with reduced capacity. It can be used but the capacity will be lower.

Types of batteries
Lead acid batteries
Lead acid batteries are the common energy storage devices for PV systems. Lead acid batteries
can be either 6V or 12V type in tough plastic container. The batteries can be flooded cell type
or sealed/gel type.

Flooded cell type battery
This is the most commonly used type of battery for renewable energy systems today.Flat and
Tubular plate type are the versions of flooded batteries. In flooded batteries the electrodes are
completely submerged in the electrolyte. During charging of flooded batteries to full state of
charge, hydrogen and oxygen gases produced from water by the chemical reaction at negative
and positive plates passes out through vents of the battery.This necessitates the periodic water
addition to the battery.

Gelled batteries
The addition of silicon dioxide to the electrolyte forms a warm liquid which is added to the
battery and become gel after cooling.The hydrogen and oxygen produced during charging
process are transported between positive and negative plates through the cracks and voids in the
gelled electrolyte during the process of charge and discharge (DivyaK.C, 2009).

Inverter
Inverter changes DC input to a symmetric ac output voltage of desired magnitude and
frequency. The output frequency is calculated by switching on and off the semiconductor
devices by control circuit. The output voltage of an inverter is fixed or variable at fixed or
variable frequency. By varying the input DC voltage and maintaining gain of inverter constant
we can get variable output voltage. Selection of inverter is depend upon following factors: (i)
Current rating, (ii) Voltage rating, (iii) Power handling capacity (Vijaya, 2012). For low power
application the half bridge inverter can be selected and for high power application the full
bridge inverter can be selected.

Design of single-phase full bridge inverter
Frequency=12kHz
(i) Switching period:
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(ii) Maximum duty cycle is: t’on=0.5*T=41.5*10-6s
(iii) Dmax=0.9*
= 0.45
Primary turns: N1=30 Turns, Secondary turns: N2= 300 Turns.
Calculation of the core Geometry Transformer:
Select ETD 59/31/22 Ferrite Core Transformer Kg=(wA*Ac2 *Ku)/(MLT), where Kg is the core
geometrical parameter constant, WA is core window area, Ac2 is cross sectional area and MLT is
length per turn. So for this transformer are this parameters: WA=5.17cm2, Ac=3.68cm2,
MLT=13.9cm,Ku=0.2.
Kg=(5.17*(3.68)2*0.2)/(13.9)=1.007.

Fig. 6 ETD Core 59/31/22
Skin depth:σ =

Resonant circuit
In RLC series circuit the resonance is occur when the capacitive and inductive reactance are
equal in magnitude. When resonance occur the amount of energy stored in inductor is
transferred to capacitor and capacitor transferred the energy to inductor, so total energy stored
in circuit remains same. At condition of resonance in RLC circuit the resonance frequency is
f0=
. The primary inductance is Lprim=20µH so at 10kHz Lcoil=65µH (Grandi G and
Kazimierczuk, 2004).

Waveform of output voltage of BuNa inverter

Fig. 7 Output waveform of BuNa Inverter

Conclusion
One of the biggest problems in photovoltaic panel applications is that they are not cost-efficient
in the initial installation stage. Despite serious declines in recent years, the amount of energy
these systems generate is not high compared to the plant costs. The amount of electric energy
produced by photovoltaic panels depends on air temperature, humidity rate, wind velocity and
photovoltaic module temperature, and particularly solar radiation.Also, it is concluded that this
inverter has many advantages:no electrical shock hazard,protected input from wrong
connection,output is protected from short circuit,after disconnected from short circuit the LED
bulbs will light againwithout causing any damage. It is tested for 5 LED Bulbs with 6W
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(5*6W=30W) input current from 12V battery is 2.1A/h. Other types of inverter draw from
battery 7.5A/h or more.
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